We investigate the potential of the consumption CAPM with pessimism, doubt, and the availability heuristic in the agent's beliefs to resolve the equity premium and risk-free rate puzzles. Using the nonlinear GMM estimation techniques, we …nd that doubt and the availability heuristic play an important role in explaining the cross-section of asset returns. However, when taken alone, these deviations from rational expectations can not resolve the equity premium and risk-free rate puzzles. This result is robust to the assumption that the expected value of an uncertain prospect is nonlinear in the subjective outcome probabilities.
, Cecchetti et al. (2000) , and Abel (2002) take an approach based on an assumption that the representative agent is not fully rational and argue that deviations from rational expectations enhance the empirical performance of the standard consumption CAPM. Rietz (1988) speci…es the model of Mehra and Prescott (1985) to capture the e¤ects of possible, though unlikely, crashes and shows that the addition of a crash state allows to explain both a high equity risk premium and a low risk-free rate with reasonable degrees of risk aversion. 1 As in Mehra and Prescott's (1985) investigation, Cecchetti et al. (2000) assume that consumption growth follows a two-state Markov process and show that using simple rules of thumb to estimate the transition probabilities agents will form the subjective probabilities that are, on average, relatively pessimistic about the persistence of the expansion state and relatively optimistic about the persistence of the contraction state. These belief distortions allow to match the …rst moments of the equity premium and the risk-free rate with a positive relative risk-aversion coe¢ cient less than 10 and a discount factor below one. Furthermore, their analysis shows that persistence in the subjective transition probabilities together with random ‡uctuations in beliefs about the persistence of low-growth states are su¢ cient to explain the volatility of asset returns, as well as persistence and predictability of excess returns exhibited in the data. However, the correspondence between the predicted cyclical pattern of the equity premium and that found in the data is rough.
Departing from the assumption of rational expectations, Abel (2002) explores the e¤ect of pessimism and doubt in the agent's beliefs on the mean equity premium and risk-free rate. His …nding is that pessimism and doubt may play an important role in explaining the mean equity premium and risk-free rate of return. Assuming lognormality of the objective and subjective distributions of the growth rate of aggregate consumption, Abel (2002) …nds that the consumption CAPM with pessimism and doubt can match the historical average equity premium and risk-free rate with plausible values of the agent's coe¢ cient of relative risk aversion and time preference discount factor. However, in some cases this model needs implausibly high levels of pessimism and doubt to explain the observed mean equity premium and risk-free rate.
In this paper, we explore the potential of pessimism, doubt, and the availability heuristic in the agent's beliefs to help resolve the equity premium and risk-free rate puzzles. To test the ability of the consumption CAPM with deviations from rational expectations to explain the observed equity premium and risk-free rate, we use the nonlinear Generalized Method of Moments (GMM) estimation approach. This allows us to focus on the time-series properties of asset returns rather than on the historical averages as in Abel (2002) . We start by assuming that the aversion to risk is determined solely by the curvature of the agent's utility function. Under this assumption, when calculating the expected value of an uncertain prospect, an agent takes a sum of outcomes weighted by their subjective probabilities of occurring. Then, in accordance with the cumulative prospect theory of Tversky and Kahneman (1992), we suppose that the agent's risk aversion is determined jointly by the utility function and the decision weights that are strictly increasing monotonic nonlinear functions of subjective probabilities. In this case, the expected value of an uncertain prospect is nonlinear in the subjective probabilities.
The rest of the paper is structured as follows. In Section 2, we analyze the e¤ect of pessimism, doubt, and the availability heuristic on asset returns. In Section 3, we use the GMM estimation technique to explore the potential of the consumption CAPM with pessimism, doubt, and the availability heuristic in the agent's beliefs to explain the observed equity premium and risk-free rate. Section 4 concludes.
The Consumption CAPM with Distorted Beliefs

Asset Pricing in the Economy with Rational Expectations
One of the …rst-order conditions for the representative investor's intertemporal consumption and savings choice problem is
where is the time preference discount factor, C t is aggregate consumption per capita in period t, u (C t ) is the representative-agent period utility function, and R i;t+1 is the simple gross return on asset i between t and t+1. The expectation in (1) is taken across states at time t+1 given the information known to an investor at time t. Equation (1) is known as the consumption-based capital asset pricing model, or the consumption CAPM.
Assume that the representative agent maximizes a time-separable power utility function, so
, where is the relative risk aversion coe¢ cient. With this preference speci…cation, marginal utility u 0 (C t ) = C t and therefore from (1)
where (C t+1 =C t ) is the representative agent's intertemporal marginal rate of substitution.
By taking unconditional expectations of the left-and right-hand sides of (2), we get an unconditional version:
For the excess return on asset i over the risk-free rate R f;t+1 , equation (3) becomes
For the risk-free rate, we get
It is common in empirical research to use historical data when testing pricing conditions (4) and (5) and hence to implicitly assume that the next period joint distribution of the growth rate of average consumption and asset returns may be well approximated by their joint historical distribution. Suppose that at time t an investor can observe the most recent S realizations of the growth rate of average consumption and asset returns. This provides us with S di¤erent scenarios for what might happen at time t + 1. According to the expectation principle, when calculating the expected value of an uncertain prospect, the agent takes a sum of outcomes weighted by their probabilities of occurring. De…ne p s;t+1 as the probability that scenario s (s = 1; :::; S) occurs at time t + 1.
The assumption of rationality implies that the agent weights outcomes by their objective probabilities of occurring. When historical data are used, the objective probability equals 1=S
and hence under rational expectations p s;t+1 = 1=S (s = 1; :::; S). Empirical evidence is that the consumption CAPM with rational expectations can jointly explain the historical excess return on the market portfolio and risk-free rate only if the representative agent is implausibly averse to risk (this is the equity premium puzzle discussed by Mehra and Prescott (1985) and Hansen and Jagannathan (1991) among others) and the time preference discount factor is greater than one (this is the risk-free rate puzzle as described in Weil (1989) ).
Departures from Rationality and Asset Returns
Based on the experimental evidence that human choices are not always rational, a number of recent papers explore the role of departures from rational expectations (in an otherwise standard neoclassical framework) in explaining the equity premium and risk-free rate puzzles. One way to take non-rationality into account is to suppose that the representative agent weights possible outcomes in pricing conditions (4) and (5) by the subjective probabilities, which may di¤er from the objective probabilities, rather than by the objective probabilities as it is usually assumed in empirical research.
In this section, we …rst consider three particular departures from rationality (pessimism, doubt, and the availability heuristic) and show how these departures can be taken into account when forming the subjective probabilities that consumers assign to di¤erent outcomes. When consumers are not rational, under the assumption that the aversion to risk is determined solely by the curvature of the agent's utility function the expected value of an uncertain prospect is linear in the subjective outcome probabilities. Then, we focus on the cumulative prospect theory of Tversky and Kahneman (1992) , according to which the agent's risk aversion is determined jointly by the utility function and the decision weights. Within this framework, the agent calculates the expected value of an uncertain prospect as a sum of outcomes weighted by the decision weights that are strictly increasing monotonic nonlinear functions of subjective probabilities.
We start by de…ning pessimism, doubt, and the availability heuristic and exploring the e¤ects of these particular departures from rationality on asset returns.
Pessimism. An agent that is pessimistic about the distribution of the aggregate per capita consumption growth rate weights heavier lower growth rates and assigns smaller probabilities to high consumption growth rates relative to the case of rational expectations. Pessimism leads the agent to reduce his current period consumption and to save more in order to self-insure against a negative shock to his next period consumption and therefore the demand for both the safe asset and the risky asset increases. This increased demand requires a decrease in the equilibrium rate on both assets below the rate that would prevail under rational expectations. Thus, pessimism in beliefs can help resolve the risk-free rate puzzle.
To understand the e¤ect of this additional demand for assets on the predicted equity premium, we must determine to which asset, bond or equity, this increased savings is predominantly allocated. Intuitively, if consumers are pessimistic about the growth rate of their consumption, and therefore about the growth rate of dividends, then they expect equity to be less attractive than they would expect under rational expectations. 2 This suggests that the demand for equity increases less than that for the risk-free asset what results in an increasing equity premium.
Because pessimism in the agent's beliefs increases the expected equity premium, it can help resolve the equity premium puzzle.
Abel (2002) uses the term pessimism to mean that the subjective distribution of average consumption growth rates is …rst-order stochastically dominated by the objective distribution. The risk-free rate from period t to period t + 1 is know at time t and therefore from
When the subjective distribution of average consumption growth rates is …rst-order stochastically dominated by the objective distribution, the expectation of the intertemporal marginal rate of substitution under pessimism is greater than the expectation of the intertemporal marginal rate of substitution under rational expectations at any arbitrary values of and > 0. It follows that pessimism reduces the equilibrium risk-free rate of return and therefore the consumption CAPM with pessimistic consumers has the potential to resolve the risk-free rate puzzle. 3 To examine the extent, to which pessimism can help explain the excess return on a risky asset over the risk-free rate of return, Abel (2002) de…nes uniform pessimism as a leftward translation of the objective distribution of the logarithm of the average consumption growth rate. He shows that uniform pessimism increases the expectation of the equity premium and hence can help resolve the equity premium puzzle.
Doubt.
People exhibit doubt when they think that their knowledge is less accurate than it is in fact. Doubt implies that consumers assign to events the subjective probabilities, which are lower than the objective probabilities when they believe that the event probably will occur and higher than the true frequency when they believe that the event will not occur.
To explore whether doubt can help resolve the equity premium and risk-free rate puzzles, Abel (2002) de…nes the subjective distribution of growth rates of aggregate consumption per capita to be characterized by doubt if it is a mean preserving spread of the objective distribution or, equivalently, is second order stochastically dominated by the objective distribution of average consumption growth rates. 4 Under this assumption, the both distribution functions are de…ned on the same state space and have identical means. However, the subjective distribution function has a larger variance and therefore is riskier. This additional risk makes consumers more willing to acquire the risk-free asset what increases the demand for the risk-free asset and therefore puts downward pressure on the risk-free interest rate. Thus, doubt, as de…ned in Abel (2002) , has the potential to explain the risk-free rate puzzle. Since doubt increases consumers' perceived risk associated with equity, it decreases the demand for equity and consequently drives up the equity return. The increase in the equity return accompanied by the decrease in the risk-free rate leads to the expectation of the equity premium, which is greater than the expectation of the equity premium that would prevail under the assumption of rationality. This shows that doubt can help resolve the equity premium puzzle.
To investigate whether the consumption CAPM with doubt can better match the risk-free return, as in Abel (2002), consider equation
Because the intertemporal marginal rate of substitution is a decreasing and convex function of the average consumption growth rate, the expected value of the intertemporal marginal rate of substitution is larger and therefore the equilibrium risk-free rate is lower under doubt than under the assumption of rational expectations. Abel (2002) also shows that doubt increases the required equity premium and that this increase in the equity premium is proportional to the agent's coe¢ cient of relative risk aversion and the di¤erence in the squared coe¢ cient of variation of the average consumption growth rate between the subjective and objective probability distributions.
The Availability Heuristic. The agent's judgement about the probability of an outcome often depends upon how easy that outcome is to imagine. Since the more recent experiences or reports are easier to imagine, people consider the more recent events as being more likely and hence assign to them higher probabilities of occurring in the future. For example, after a news feature about a shark attack, many people will be more nervous about swimming in waist-deep ocean waters. The phenomenon when the more recent events have a more signi…cant e¤ect on the agent's decisions is called the availability heuristic and was …rst reported by Tversky and Kahneman (1973) . 5 Under the assumption that the aversion to risk is determined solely by the curvature of the agent's utility function, the agent calculates the expected utility as a sum of outcomes weighted by the subjective probabilities of occurring. Tversky and Kahneman (1992) however argue that the agent's risk aversion is rather determined jointly by the utility function and the decision weights that the agent assigns to di¤erent subjective probabilities. This follows that the agent calculates the expected value of an uncertain prospect as a sum of outcomes weighted by some nonlinear functions of subjective probabilities rather than by the subjective probabilities themselves. 5 See also Tversky and Kahneman (1974) and Carroll (1978) , e.g.
Cumulative Prospect Theory. Experimental evidence is that under uncertainty decision makers systematically overweight low probabilities and underweight high probabilities of occurring. It is observed that the impact of a given change in the probability of winning a given prize diminishes with the distance from the endpoints of the certainty scale. Allais (1953) , e.g., shows
that the di¤erence between probabilities of 0.99 and 1.00 has more impact on preferences than the di¤erence between 0.10 and 0.11. 6 To account for the observed nonlinearity in outcome probabilities, Tversky and Kahneman (1992) propose to weight each outcome by a decision weight rather than by its probability. The cumulative prospect theory of Tversky and Kahneman (1992) asserts that decision weights s are strictly increasing monotonic nonlinear functions of outcome probabilities, s;t+1 = (p s;t+1 ), from the unit interval into itself satisfying (0) = 0 and (1) = 1. Diminishing sensitivity implies that the weighting function must be concave near zero and convex near one:
Tversky and Kahneman (1992) de…ne decision weights (p s;t+1 ) as
(p s;t+1 + (1 p s;t+1 ) ) 1= (6) implying that, in accord with the principle of diminishing sensitivity, the weighting function (p s;t+1 ) is steepest near the endpoints of the certainty scale and shallower in the middle of the range. If = 1, then (p s;t+1 ) is simply the probability of scenario s, (p s;t+1 ) = p s;t+1 .
In contrast to the expected utility theory, in which risk aversion and risk seeking are determined solely by the utility function, in the cumulative prospect theory of Tversky and Kahneman (1992) they are determined jointly by the utility function and the weighting functions. Within the cumulative prospect theory framework, a risk averse agent tends to underweights the outcome probabilities, while a risk seeking agent overweights the probabilities. If an agent is risk neutral, then the decision weight that he assigns to an outcome equals its probability of occurring. Risk aversion for gains is further enhanced by the curvature of the agent's utility function.
Kachelmeier and Shehata (1992) …nd risk seeking for gains of low probability and risk aversion for gains of moderate and high probability of winning. The weighting function (6) exhibits the characteristic pattern of risk aversion for moderate and high probabilities and risk seeking for small probabilities when is close to but less than 1.
In this section, we test empirically whether pessimism, doubt, and the availability heuristic, either separately or in combination, can help resolve the equity premium and risk-free rate puzzles. We start by assuming that risk aversion is determined solely by the curvature of the agent's utility function and investigate if the consumption CAPM with pessimism, doubt, or the availability heuristic can explain the observed equity premium and risk-free rate with plausible values of the agent's risk aversion and time preference discount factor. Then, in accordance with the cumulative prospect theory of Tversky and Kahneman (1992), we suppose that the agent's risk aversion is determined jointly by the utility function and the decision weights that are strictly increasing monotonic nonlinear functions of subjective probabilities obtained under the assumption that there is pessimism, doubt, or the availability heuristic. We use the nonlinear GMM estimation approach to test the empirical performance of the proposed models in explaining asset returns. The use of the GMM estimation techniques allows us to focus on the time-series properties of consumption and asset returns rather than on the historical averages of asset returns as in Abel (2002).
Data
To construct a time series of the aggregate per capita consumption growth rate, we use data on real, monthly personal consumption of nondurables and services from the U.S. Bureau of Economic Analysis (BEA). Monthly per capita consumption is obtained by dividing the real aggregate consumption by the total population (including armed forces overseas) from BEA.
As nominal, monthly gross returns on individual assets, we take the nominal, monthly returns 
GMM Estimation Results
The sampling period is from 1959:01 to 2003:12. The unconditional equations for the equity premia on the market capitalization-based decile portfolios (4) and the risk-free rate (5) are estimated jointly using the iterated GMM approach. Table I reports the estimation results.
The Standard Consumption CAPM. This is our benchmark model. In this model, di¤erent scenarios have equal probabilities of occurring. We …nd that the model is rejected statistically at the 5% signi…cance level. The obtained estimate of the relative risk aversion coe¢ cient, b = 83:74, is high and signi…cantly positive at the 5% level of signi…cance. Mehra and Prescott (1985) and Hansen and Jagannathan (1991) call this the equity premium puzzle. 7 The estimate of the time preference discount factor, b = 1:11, is signi…cantly greater than one at the 5% signi…cance level. This result illustrates the risk-free rate puzzle emphasized by Weil (1989) .
The Consumption CAPM with Departures from Rational Expectations.
To investigate whether the poor empirical performance of the standard consumption CAPM is due to the assumption of rationality, in what follows we assume that the agent weights possible outcomes by the subjective rather than by the objective probabilities of occurring. We start by restricting the expected values in pricing conditions (4) and (5) to be linear in outcome probabilities.
When assuming the representative agent to be pessimistic about the future consumption growth rate, we arrange the observed historical consumption growth rates in increasing order and assign to di¤erent observations probabilities of occurring that decline exponentially in the consumption growth rate:
where s = 1 corresponds to the scenario with the smallest consumption growth rate, s = 2 corresponds to the scenario with the next greater rate and so on. Finally, the Sth scenario is that corresponding to the highest growth rate of aggregate consumption per capita.
We estimate the equations for the risk premia on the market capitalization-based decile portfolios and the risk-free rate jointly for the values of decreasing from 0.9999 to 0.9800 with decrements of 0.0001. 8 We …nd that the marginal signi…cance level associated with Hansen's test of over-identifying restrictions as well as the estimate of the relative risk aversion coe¢ cient and the associated t-statistic decrease as the value of decreases. The lowest signi…cantly positive at the 10% signi…cance level value of the relative risk aversion, b = 64:17, is obtained at = 0:9995.
At this value of the parameter , b = 1:07. The null hypothesis that the estimate of the time preference discount factor is greater than one is not rejected statistically at the 5% signi…cance level. The model with pessimism in the agent's beliefs is rejected statistically at the 5% level of signi…cance according to Hansen's J-statistic at any value of the parameter .
Under the assumption that the representative agent exhibits doubt, the scenarios are sorted in decreasing order according to the distance from the observed value of the aggregate per capita consumption growth rate to the mean of the historical distribution of the average consumption growth rate. To calculate the subjective probability assigned to each observation, we use formula (7) . The highest probability of occurring is assigned to the average consumption growth rate with the greatest distance from the mean of the historical distribution and the smallest probability is assigned to the average consumption growth rate that is closest to the mean. To make allowance for that consumers consider the more recent events as being more likely, we assign to di¤erent scenarios probabilities declining exponentially through the past according to formula (7) with decreasing from 0.9999 to 0.9800 with decrements of 0.0001. The …rst scenario here is where the growth rate of average consumption and the return on asset i in period t are assumed to occur. The values of the growth rate of average consumption and the asset return in the second scenario are the same as in period t 1 and so on. Finally, the Sth scenario is where the growth rate of average consumption and the asset i return are the same as they were in period t + 1 S.
As the value of decreases, the estimate of the relative risk aversion coe¢ cient and the Tversky and Kahneman (1992), we assume that the weighting function s;t+1 = (p s;t+1 ) is given by formula (6) with p s;t+1 being the subjective probability of an outcome. When calculating the subjective probabilities p s;t+1 , we assume that the representative agent exhibits either pessimism, or doubt, or the availability heuristic, or some combination of them. As before, the subjective probabilities are calculated using formula (7). In the special case when = 1, (p s;t+1 ) = p s;t+1
and hence expectations are linear in the subjective probabilities p s;t+1 . When di¤ers from one, risk aversion and risk seeking are determined jointly by the utility function and the weighting functions.
As we mentioned above, experimental evidence is that people usually overestimate low probabilities (risk seeking) and underestimate moderate and high probabilities of winning (risk aversion). For 0:9800 6 < 1 and S = 539, the weighting function (6) exhibits the characteristic pattern of risk aversion for moderate and high probabilities and risk seeking for small probabilities when 0:3 6 < 1. In what follows, we assume = 0:5 and = 0:8 and test whether the assumption that risk aversion and risk seeking are determined jointly by the utility function and the weighting functions can improve the empirical performance of the model, in which the representative agent is assumed to exhibit either pessimism, or doubt, or the availability heuristic, or some combination of these departures from rationality. We …nd that the estimation results are similar to those obtained under the assumption that the aversion to risk is determined solely by the curvature of the agent's utility function and therefore expectations are linear in the subjective probabilities p s;t+1 .
Concluding Remarks
In this paper, we explored the potential of pessimism, doubt, and the availability heuristic in the agent's beliefs to enhance the empirical performance of the standard representative agent consumption CAPM with power utility. First, we assumed that risk aversion is determined solely by the curvature of the agent's utility function and therefore that the expected value of an uncertain prospect is linear in the subjective probabilities of outcomes. Then, we supposed that risk aversion and risk seeking are determined jointly by the utility function and the decision weights, which are strictly increasing monotonic nonlinear functions of outcome probabilities.
In this case, the expected value is nonlinear in the subjective probabilities.
Using the nonlinear GMM estimation approach, we found that, when the expected value is linear in the subjective probabilities, the consumption CAPM with doubt and the availability heuristic explains the observed equity premia on the market capitalization-based decile portfolios and the risk-free rate much better than the conventional consumption CAPM with the rational representative agent. However, the obtained estimates of the agent's preference parameters are still too high to be recognized as economically plausible. The assumption of nonlinearity of the expected value in the subjective probabilities did not a¤ect the estimation results. This suggests that doubt and the availability heuristic have some potential to help explain better asset returns, but, taken alone, can not resolve the equity premium and risk-free rate puzzles. 
